To determine adherence to national guidelines for the secondary prevention of coronary artery disease (CAD) using lipid-lowering drugs (LLDs), by studying the rate of use of LLDs, predictors of use, and the rate of achieving lipid goals, among eligible patients recently hospitalized with acute myocardial infarction.
M
any factors influence whether a new drug will be widely prescribed by physicians, including product characteristics (such as novelty, comparative efficacy, safety, tolerability, and cost), marketing intensity, media awareness, patient demands and expectations, and social influences. 1, 2 Based on such factors, the use of lipidlowering drugs (LLDs) for the secondary prevention of coronary artery disease (CAD) should be high.
Observational studies and meta-analyses have long suggested aggressive lipid lowering, for secondary prevention, should be effective for decreasing morbidity and mortality. [3] [4] [5] [6] In 1987, new drugs became available (the 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, as a class referred to as the "statins"), which were potent, easy to use, better tolerated than older drugs, had few adverse effects, and were heavily marketed. 5, 7 In 1993, widely disseminated revised guidelines (The National Cholesterol Education Program-Adult Treatment Panel II [NCEP II]) recommended aggressive lipid lowering for patients with established CAD. 8 And in 1994, the large Scandinavian Simvastatin Survival Study, a secondary prevention trial, reported lipid-lowering therapy could reduce total mortality, as well as cardiovascular morbidity, with benefits of the magnitude predicted by the epidemiologic literature. 4, 9 Given these influences to change prescribing behavior, we sought to investigate the extent to which LLDs would be used in eligible patients, and when used, to determine whether treatment goals would be achieved. We hypothesized that elderly patients and women would be at particular risk of underuse, as previously reported for other effective cardiovascular drugs 10, 11 and procedures. 12 We also hypothesized that clinical factors, in particular the presence of unrelated comorbidity, 13 would be associated with undertreatment. To study these questions, we performed a cross-sectional analysis of population-based data collected in the context of a trial to improve the quality of the treatment of acute myocardial infarction (AMI) through the use of local opinion leaders. 14 The data were collected between 1995 and 1996, well after all of the described prescribing influences had occurred.
METHODS

Patients and Setting
The data for the present study were drawn from the medical records of patients admitted with AMI to 37 Minnesota hospitals during the period July 1995 to May 1996. 14 Although study hospitals volunteered to be part of our quality improvement program, they represented more than 80% of all community hospital beds and more than half of all AMIs in the state. Two hospitals were academic centers, and 17 were located in rural communities. Nineteen hospitals had fewer than 100 beds, and only two had more than 500 beds.
Over a 10-month period, data were collected on 2,938 patients admitted with a diagnosis of acute or suspected myocardial infarction who met at least two of the following criteria: (1) clinical symptoms typical of AMI; (2) compatible electrocardiographic findings as documented in the medical record by a physician; and (3) elevated serum creatine kinase and MB fractions. 14 Patients were excluded if they died before admission, were transferred from a nonstudy hospital, or had suffered an AMI in the previous 2 weeks. For the present study, we identified a subgroup comprising 1,206 patients (41%) with previously established CAD, based on the presence of chronic angina, prior AMI, or prior revascularization (percutaneous transluminal coronary angioplasty [PTCA] or coronary artery bypass grafting [CABG]) documented at admission. We considered this subgroup to have been eligible, prior to their admission, for interventions aimed at the secondary prevention of CAD.
Of these 1,206 patients, we identified 622 patients (52%) who were eligible for the treatment of hyperlipidemia, according to the NCEP II Guidelines for Secondary Prevention, 8 including those already treated with LLDs at admission ( n ϭ 230) or patients with a total cholesterol value of 200 mg/dL or greater ( n ϭ 392) on the day of admission. Total cholesterol values, collected within 24 hours of admission, have previously been shown to reliably reflect a patient's usual serum cholesterol status. [15] [16] [17] We did not have information regarding fasting status, specific lipid subfractions, or the laboratory methods used to determine lipid levels. We excluded patients with measured total cholesterol less than 200 mg/dL ( n ϭ 418), no serum lipid measurements ( n ϭ 147), missing data ( n ϭ 13), or known contraindications to LLDs (hepatobiliary disease, n ϭ 6).
Patient Outcomes
We classified each LLD as a statin, fibrate, niacin, resin, or any combination thereof. We collapsed these classes into a binary variable (using LLDs or not using LLDs at the time of admission) that was our primary outcome of interest. Our secondary outcome was the successful achievement of NCEP II cholesterol goals (a total cholesterol Ͻ 160 mg/dL, approximately equivalent to a low-density lipoprotein level Ͻ 100 mg/dL) 8 among patients using LLDs. In addition, we studied the achievement of a less strict goal, a total cholesterol Ͻ 200 mg/dL (approximately a low-density lipoprotein level Ͻ 130 mg/dL). All categorizations of total cholesterol values, and approximate equivalencies to low-density lipoprotein levels, were based on the NCEP II Guidelines. 8 
Patient Variables
Nonclinical variables included age ( Ͻ 55, 55-64, 65-74, or Ͼ 74 years), gender, race (white or nonwhite), marital status (married/common-law or alone), residence (urban or rural), employment (employed, unemployed, or retired), and health insurance arrangement (fee for service including Medicaid, Blue Cross, Medicare, or other commercial coverage; or managed care including Medicare HMO).
Clinical variables documented at admission included a history of angina, AMI, PTCA, CABG, congestive heart failure, hypertension, diabetes mellitus, smoking status (never, current, or past smoker), body mass index ( Ͻ 24, 24-27, 28-31, or Ͼ 31 kg/m 2 ), and the number of traditional cardiac risk factors (0-4 factors including smoking, hypertension, obesity [body mass index Ͼ 28 kg/m 2 ], and diabetes mellitus). Comorbidity was assessed by both the number of noncardiac morbidities (0, 1, 2, or Ͼ 2) and the use of Greenfield's Index of Co-Existent Disease (ICED). 13 This index has components for coexistent diseases and their severity based on physical impairment and functional status. We graded each component on an ordinal scale and then combined them into a final 4-point scale, ranging from no (ICED ϭ 0) to severe (ICED ϭ 3) comorbidity. 13, 18 On the basis of previous work, 13 we dichotomized this scale into the absence (ICED ϭ 0, 1, 2) or presence (ICED ϭ 3) of severe comorbidity. Drug variables included the names and total number of medications at admission ( Ͻ 4, 4-6, or Ͼ 6, less LLDs).
Data Collection and Integrity
Nurses experienced in the care of AMI patients collected data from medical records using a standardized abstraction instrument. Abstractors were required to demonstrate initial and ongoing interrater agreement with a criterion review of 95% or higher. 11, 14 Retrospective audits of a random sample of 10% of each abstractor's completed cases were conducted to ensure that each abstractor met and maintained the data quality standard of 95% all-item agreement with a study auditor. 11, 14 
Statistical Analysis
We classified eligible study patients as either using LLDs or not using LLDs. Potential categorical predictors were examined using 2 statistics. Age, gender, and univariate predictors with p Ͻ .2 were considered for further analysis. Logistic regression models were used to determine the predictors independently associated with LLD use. Models initially included terms for patient age, gender, marital status, location of residence, health insurance, number/type of traditional cardiac risk factors, prior revascularization (PTCA or CABG), the number/severity of comorbidities, and medications at admission (aspirin, ␤ -blockers, and total number).
Final models, using patients with complete data (90%), were constructed with stepwise logistic regression available in SAS. 19 Potential confounding was addressed by serially introducing each nonsignificant univariate predictor back into the final model and assessing for any important change (greater than 10%) in the ␤ -coefficients of model terms. The final model was subjected to a bootstrap analysis (1,000 cycles, with replacement) that revealed no evidence of overfitting. 20 Because so few patients using LLDs achieved a total cholesterol level below 160 mg/dL (our secondary outcome), there was insufficient statistical power for multivariate analysis. Thus, we report only frequencies and significant univariate associations.
RESULTS
Patient Sample
For the 622 study patients, the mean age was 66.4 years, 37% were female, and most (88%) were white (Table 1). At the time of admission, 29% of patients had severe comorbidities. Only 37% of patients ( n ϭ 230) were using LLDs at the time of admission, primarily monotherapy with a statin. Twenty-four percent of treated patients, and 40% of untreated patients, were frankly hyperlipidemic (total cholesterol Ͼ 240 mg/dL). Cholesterol profiles stratified by treatment status and details of lipid-lowering treatments are presented in Table 2 .
Univariate Analysis
In univariate analysis, both nonclinical (Table 3) and clinical (Table 4) variables were significantly associated with the use of LLDs. The relation between LLD use and age took the shape of an inverted U; use was lowest among those younger than 55 years (34%) and those older than 74 years (31%), in contrast to patients aged 55 to 64 years (39%) or aged 65 to 74 years (45%). Women were as likely to be treated as men (33% compared with 39%; odds ratio [OR] 0.76; 95% confidence interval [CI] 0.54, 1.10). LLDs were used more often by patients who belonged to managed care plans than fee-for-service patients (43% compared with 35%; OR 1.42; 95% CI 1.00, 2.03).
Significant clinical variables are presented in Table 4 . No single cardiac risk factor was significantly associated with the use of LLDs, except for smoking status; compared with current smokers or never smokers, past smokers were more likely to use LLDs. Patients who used other medications for secondary prevention, such as aspirin or ␤ -blockers, or who used four or more medications at the time of admission, were more likely to use a LLD. Although a greater number of comorbidities was associated with LLD use, in univariate analysis the presence of severe comorbidity was not ( p ϭ .97).
Of the 230 patients who used LLDs, 149 (65%) also had serum lipids measured. Only 15% of these patients achieved the NCEP II goal of a total cholesterol level below 160 mg/dL, and 18% needed combination therapy to do so (Table 2) . Patients who used two or more LLDs were more likely to achieve NCEP II goals than patients who used only one LLD (31% successful compared with 14%; OR 2.91; 95% CI 0.81, 10.48). Even with a less strict target (total cholesterol Ͻ200 mg/dL), only half the patients were successful in achieving lipid goals (Table 2) . Although 392 patients were identified, during hospitalization, as needing their serum lipids lowered (622 patients eligible, less the 230 patients using LLDs), at the time of discharge only 43 (11%) were prescribed LLDs.
Multivariate Analysis
In multivariate analysis (Table 5) , patients older than 74 years were less likely to use LLDs than younger patients (adjusted OR 0.55; 95% CI 0.35, 0.88). The association remained significant after adjustment for all terms in the model, including female gender and the presence of severe comorbidity. Patients who were members of a managed care plan were more likely to use LLDs than similar fee-for-service patients.
Among the clinical variables, prior revascularization, aspirin use, and the use of four or more medications were positively associated with the use of LLDs (Table 4) . Although the number of noncardiac comorbidities was not significant in multivariate analysis, after controlling for age, gender, and medication use, the presence of severe comorbidity was associated with LLD use (adjusted OR 0.60; 95% CI 0.38, 0.95).
In fuller exploratory models, we found no evidence of confounding by, or interaction with, race, marital status, employment, residence, diabetes, obesity, hypertension, number of cardiac risk factors, prior myocardial infarction, congestive heart failure, or the number of comorbidities.
DISCUSSION
Patients with both established CAD and lipid abnormalities have a mortality risk 10 times greater than that of patients without overt disease who have similar lipid abnormalities. 21 Despite these widely documented risks, our study found that one third of eligible patients were using LLDs at the time of admission for AMI. Of those treated, only a minority actually achieved recommended lipid goals. Elderly patients, independent of associated comorbidities, were at particular risk of undertreatment. Women were as likely to be treated as men, but patients enrolled in managed care plans were more likely to be 22 Others have previously documented similar underuse of different proven effective therapies, such as aspirin and ␤-blockers, for secondary prevention. [23] [24] [25] [26] [27] Using a variety of data sources, investigators have estimated that between 30% and 40% of CAD patients eligible for LLDs are actually using them. 6, 21, [23] [24] [25] [26] 28 Our study supports this magnitude of undertreatment, but also allows us to examine some of the clinical and nonclinical correlates of treatment with LLDs.
Furthermore, in this study, treatment with LLDs did not guarantee adequate control of hyperlipidemia. Only 15% of patients using LLDs had actually achieved recommended NCEP II secondary prevention goals at the time of their hospitalization. This is equivalent to the success rate achieved in the control arm ("usual care") of a controlled trial of case management for risk factor modification after AMI, 29 and comparable to other low reported rates of success in achieving NCEP II goals. 25, 26, 30, 31 Nevertheless, although recommended goals are rarely achieved, any lowering of serum cholesterol in this population appears beneficial. 6 Advanced age (Ͼ74 years) was a significant risk factor for undertreatment. Although there is some controversy about the strength of the association between elevated cholesterol and the risk of CAD in elderly patients, 3,32-34 the main cause of death in older patients is still CAD. Their 1-year mortality following AMI is about 30%, not the commonly acknowledged 5% mortality of younger patients enrolled in clinical trials. 35 With such a high baseline mortality risk, the absolute benefit of lowering cholesterol in these older patients should be equal to, if not greater than, that for younger patients. For example, a recent study of 665 elderly patients (mean age, 72 years) found a significant (32%) reduction in cardiovascular events in those with known CAD who were treated with standard doses, compared with fixed low doses, of pravastatin. 36 In fact, the NCEP II Guidelines suggest extrapolation of the current evidence to the elderly, 8 until proof of benefit is established. The fact that older age continues to be such a strong predictor of underuse, even after multivariate adjustment, implies that some of the decision not to use LLDs may be related to the age of the patient, in and of itself. We do not know if the undertreatment of hyperlipidemia in older patients is due to decisions by patients or by their physicians. However, patient demand is a powerful determinant of physician treatment decisions, and preventive services are provided less often than patients prefer or experts recommend. 37, 38 Even after controlling for available indicators of health-seeking behavior (number of medications and illnesses, 38 and smoking cessation), older patients were undertreated. We found patients with severe comorbidity were less likely to use LLDs for the prevention of chronic CAD. We previously reported patients with severe comorbidity were less likely to receive AMI treatments, such as aspirin and thrombolytic therapy. 13 In both studies, patients with mild and moderate comorbidity were indistinguishable from those without comorbidity. Thus, it appears that only high levels of concomitant illness influence physician decision making. This association has been previously noted in the contexts of forgoing or withdrawing life-sustaining therapy in critically ill patients, 39, 40 decreased use of screening for cancer in patients with significant comorbidity, 41 and undertreatment of unrelated disorders in patients with chronic illnesses. 42 Patients enrolled in some form of capitated managed care plan (primarily network models) were more likely than similar fee-for-service patients to use LLDs. This is consistent with previous studies that suggest managed care plans may provide more comprehensive preventive services. 43, 44 Possible mechanisms for this effect are better continuity of care, easier access to primary care physicians or specialists, use of information systems and treatment protocols, prescription drug benefits, or self-selection of health-seeking and compliant patients into managed care plans.
Our study has several limitations. Most importantly, we do not know if patients were offered and declined, or started and discontinued, LLDs as outpatients. Although we are unaware of any data addressing the rate of patient refusal of LLDs when offered, long-term rates of compliance to statin drug therapy have been reported to be 65% to 85% in observational studies 45, 46 and as high as 89% to 94% in clinical trials. 9, 47, 48 In addition, we based our definition of hyperlipidemia (and achievement of NCEP II goals) on single values of total cholesterol, rather than multiple determinations of lipoprotein subfractions. Because lipid subfractions were not available, we may have misclassified a few patients; those with elevated low-density lipoprotein levels who had a total cholesterol level less than 200 mg/dL and patients with a total cholesterol level greater than 200 mg/dL but decreased low-density lipoproteins and elevated high-density lipoprotein levels. Also, we had no reliable dose or compliance data. Thus, we do not know if the inability to achieve lipid goals was due to inadequate doses of single drugs, underuse of multiple drugs, or noncompliance. Finally, we do not know if we can generalize these results obtained from patients admitted to 37 community hospitals in one state. We have no reason to believe that our findings are not representative of current patterns of practice in the United States 25, 26, 28 ; in addition, the rates of use of effective therapies for AMI in this population were comparable to those reported from similar populations in recent studies. 10, 35 In conclusion, LLDs for the secondary prevention of CAD were underused in this at-risk population. Older patients were at particular risk of undertreatment, but other nonclinical and clinical variables were important determinants of treatment. Even when used, nationally recommended lipid goals were rarely achieved. Consistent with the NCEP II guidelines, newer studies published since these data were collected have demonstrated the benefit of aggressive lipid-lowering for secondary prevention. 47, 48 The method we used to identify patients with hyperlipidemia-namely, a single routine measurement of total cholesterol at admission-could be easily used for all AMI patients. [15] [16] [17] Because diet alone is unlikely to achieve recommended lipid goals in this population, 49, 50 initiating treatment with LLDs during hospitalization may be justified. 5, 6, 8 This may help maintain continuity of care and continuity of therapeutic intent, particularly when a different physician is responsible for care after discharge from the hospital. All of the patients we studied might be considered "failures" of secondary prevention-each of them had known CAD and hyperlipidemia in the community, and then had another CAD-related event requiring hospitalization. It is sobering to note that of the 392 easily identified high-risk patients with untreated hyperlipidemia, only a tenth were actually discharged with a prescription for LLDs. In addition to prompt diet and behavior modification, we believe starting treatment with LLDs before discharge may be a simple and effective intervention with the potential to substantially reduce cardiovascular morbidity and mortality.
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